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ABSTRACT

Intrinsic strangeness contributions to low-energy strange quark malrix cle-
tments of the nucleon are modelled using kaon loops and ineson-nucleon vertex
lunctions taken from micleon-nucleon and uutcleon-hyperon scatlering. A com-
parison with pion loop contributions to the nucleon electromagnetic (EM) form
factors intlicates the presence of significant SU(3)-breaking in the mean-square
charge radii. As a numerical consequence, the kaon loop contribution to the mean
square Sachs strangeness radius js significantly smaller than could he observed
with parity-violating elastic €p experiments planned for CEBAF, while the con-
Lribution to the Sachs radius is large enough to be ohserved witl, PV eleciron
scatlering from (0%,0) nuclei. Kaon loops generate a strange magnetic moment
of the same scale as the isoscalar EM magnetic moment - a scale large enough to
be observed al CEBAF - and a strange axial vector form facior having rouglily
one-third of the magnitude extracted from vp/p elastic scatlering. In the chiral
limit, the Toop contribution to the fraction of the nucleon’s scalar density arising
from strange quarks has roughly the same magnitude as Lhe value extracted from
analyses of £, . The importance of satislying the Ward-Takahashi Identitly, not
obeyed by previous calculations, is also illustrated, and the sensitivity of resulis

to inpul parameters is analyzed.

1. Introduction

Extractions of the strange quark scalar density from Yen [1,2), the st range
quark axial vector form factor from elaslic ¥p/ip cross seclion measurements [1),
and the strange-quark contribution Lo the proton spin As from the EMC niea-
surement of Lhe g; sum [4], suggest a need Lo account explicitly for the presence
of strange quarks in the nucleon in describing its low- energy properlics. These
analyses have motivated suggesiions for measuring strange quark vecior current
matrix elements of the nucleon with semi-leptonic neutral current. scatlering [5).
The goal of the SAMPLE experiment presently underway at MIT-Bates [6} and
the “G® experiment planned for CEBAF [8] is to constrain Lhe strange quark
magnetic form factor at low-|q?|, and three experiments have heen planned at CE-
BAF with the objective of constraining the nucleon's mean s(quare “strangeness
radius” [7-9]. In addition, a new determination of the strange quark axial vector
form factor at significantly lower l4*) than was obhtained fropn e experinent of
Ref. [3] is expected from LSND experiment at LANIPL |10

At first glance, Lthe existence of nos-negligibbe fow Claerps sEEge goark makrix
elements of the nucleon is rather suEprising, especidly i light of the suceess with
which constituent quark models account for other low-energy properties of the
nucleon and its excited states. Theoretically, one might attempl Lo understand
the possibility of large strange matrix elements from Lwo Perspectives associaled,
respectively, with the high- and low-momentum componenis of a virtual 55 pair in
the nucleon. Contributions from the high-momentum componenl may be viewec
as “extrinsic” to the nucleon’s waveflunction, since Lhe lifetime of (he virlual pair
at high-momentum scales is shorter than the interaction time associaled with the
formaltion of hadronic states {11]. In an effeciive theory framework, the extrin-
sic, high-momentum contributions renormalize operators involving explicitly only
light-quark degrees of freedom (5, 12]. AL low-momentum scales, a virtual pnir
lives a sufliciently long time to permit the formation of strange hadronic com-
ponents (e.g., a KA pair) of the nucleon wavefunction [13]. While this division

between “extrinsic” and “intrinsic” strangeness is not rigorous, it does provide



a qualitative piclure which suggests dillerent approaches Lo estimaling nucleon
strange malrix clements.

In this note we consider intrinsic strangeness contributions to the matrix el-
ementy (N|3I's|N} (I' = 1, 3, 747s) arising from kaon-strange baryon loops.
Our calculation is intended to complement pole [14] and Skyrme [15} model es-
limales as well as to quantify the simple picture of nucleon strangeness arising
frot a kaon cloud. Although loop estimates have been carried out previously (16,
17), ours differs from olhers in several respects. Iirsl, we assume that nucleon
electromagnetic (EM) and and weak neutral current (NC) form factors receive
contributions from a varicty of sources (e.g., loops and poles), so we make no
attempt to adjust the inpul parameters Lo reproduce known form factors (e.g.,
G"). Ralher, we take our inputs [rom independent sources, such as'fits to baryon-
baryon scatlering and quark model estimates where needed. We compule pion
loop contributions 1o the nuckn’s UM form factors using these input paramne-
ters and compare with the expernmental values. Such a comparison provides an
indication of (he extent 1o which Joops account for nucleon form lactor physics
generally and strangeness form factors in particular. Second, we employ hadronic
form factors at the meson nucleon vertices and introduce “seagull” terms in order
to satisly the Ward-'I'akaliashi (W'T) ldentity in Lhe vector current sector. Pre-
vious loop calculations employed either a motnentun cut-off in the loop integral
[16] or meson-baryon form factor [17] but did not satisfy the WT ldentity. We
find that failure to satisly the requircinents of gauge invariance at this level can
significantly alter oue's resulls. Finally, we include an eMimate of the strange

quark scalar densily which was not included in previous work.
2. The calculation.

‘I'he loop diagrains which we compute are shown in Fig. 1. in the case of
veclor current matrix elements, all four diagrams contribute, including the two
seagnll graphs (Fig. be,d) required by gange invariance. For axial veclor matrix

elements, only the loop of Figo Lo contributes, since {M{Fs|A) = 0 for M a

e

pseudoscalar meson. The loops la and 1b contribute to (N]5s|N). In a world of
point hadrons satisfying SU(3) symmetry, the coupling of the lowesl haryon and

ineson octels is given by

iCosse =D TH{(BB + BB)M] + F Ii|[(BB ~ BB)M)| (N
where 280 = 3 4 Paks and VIM = Y o Pars give the octlet of baryon and

meson lields, respectively, and where D + ' = V2gwnn = 19025 and D/F =
1.5 according to Ref. [18). Under this parameterizalion, one has gupx fYnax =
VH(F ~ D)/(D + 3F) = —1/5, so that loops having an intermediate KL state
ought to be generically suppressed by a lactor of ~ 25 with respect to K A loops.
Analyses of K + N “strangeness exchange” reactions, however, suggest a serious
violation of this SU(3) prediction [19], and imply that neglect of K loops is
not necessatily justified. Nevertheless, we consider only KA loops since we are
interested primarily in arriving at the order of magnitude and qualitalive [eatures
of loop contributions and not definitive numerical predictions.

With point hadron vertices, power counting implies that loop contributions lo
the mean square charge radius and magnetic moment are U.V. finite. In fact, the
pion loop contributions to the nucleon’s EM charge radius and magnetic inoent
have been computed previously in the limit of point hadron vertices {20]. Loop
contributions to axial vector and scalar density matrix elements, however, are
U.V. divergent, necessilating use of a cut-off procedure. To this end, we employ
form flactors at the meson-nucleon verlices used in delermination of the Bonn
potential {rom BB’ scatlering (8 and B’ are members of the lowest-lying baryon
octet) [18]:

Frrnnm¥s — Inpns F(k2)75 ' - (2)
where
2 2
2y (M — A )
)y =3 —A?] : (3)



with mand & being the mass and tmonmentum, respectively, of the meson. The
Bonn values for cut-off A are typically in the range of 1 to 2 GeV. We nole that this
form reproduces the point hadron coupling for on-shell mesons (F(m?) =1). An
artifact of this choice is the vanishing of the form factors (and all loop amplitudes)
for A = m. Consequently, when analyzing the A-dependence of onr results below,
we exchide {he region about A = m ag unphysical. -

For A — co (point. hadrons), the total contribution from diagrams 1a and
1 Lo veclor current. matrix elements satisfies the WT Identity ¢"Alp. p'), =
QIE(p") - Z{p)], where Q is the nucleon charge associated with Lhe corresponding
veclor current (EM, strangeness, baryon number, etc). For finite A, however, this
identity is nol satisfied by diagrams la+1b alone; inclusion of seagull diagrams
(le,d) is required in order Lo preserve it. To arrive at the appropriate seagull
verlices, we Lreat the momentum-space meson-nucleon vertex Ninclions as arising

from a phenomnenological lagrangian

ilopa _"—’QBBMJ")’S'}”F(_'az)d’ s (4)

where ¥ and ¢ are baryon and meson fields, respectively. The gange invariance
of this lagrangian can be maintained via minimal substitution. We replace the
derivatives in the d’Alembertian by covariant derivatives, expand F(~-DY in a
power series, identify the terms linear in the gauge field, express the resulting
series in closed form, and convert back io mementum space. With our choice for

F(k?), this prodecure leads Lo the seagull vertex

(g% 2k), }

~ias QF(E) [ (5)

where g is the momentum of the gauge boson and where the upper (lower) sign
corresponds 1o an incoming (oulgoing) meson of charge @ (details of this pro-
cedure are given in Ref. [21]}. With these verlices in diagrams lc,d, the WT
Identily in the presence of meson nucleon form factors is restored. We note that
Lhis prescription for salisfying gauge invariance is not unique; the specific under-

lying dynamics which give rise to F(k?) could generate additional seagnl] terms

]

whose contributions independently satisfy (he W Llentity Tudeed, (ifleren
maodels of hadron stracture may lead to meson-baryon form factors Laving a dif-
ferent form than our choice. However, for the purposes of onr calenlation, whose
spirit is to arrive at order of magnitude esitmates and qualitative features, the
use of ihe Bonn form factor plus minimal substitution is sufficient.

The strange vector, axial vector, and scatar density couplings to the interme-
diate hadrons can be obtained with varying degrees of model-dependence. Since
we are interested only in the leading ¢2-behavior of the nucleon malrix elements
as generaled by the loops, we employ point couplings to the intermediate meson
and baryon. For the vector currents, one has (A(p'))3y,s/A(p)) = f.,(]’(p’)-y,,U(p)
and (I\'“(p')l.i‘f,,slﬁ'“(p)) = f.,(p-l—p’),, with fu = —f, = 1 in a convention
where Lhe s-quark Las strangeness charge +1. The vector couplings are deter-
mined simply by the net strangeness of the hadron, independent of the (details of
any hadron model.

In the case of the axial vector, only the baryon conpling is required ane e NRIE
doscalar mesons have no diagonal axial vecior nratrix elements Our approach in
this case is Lo use a quark model (o relale e “hare”™ strange axial veetor coupling
Lo the A to the bare isovector axial vector matrix element of the nucleon, where
by “bare” we mean that the effect of meson loops lias not heen included. We

then compute the loop contributions to the ralio

GV
y, = GO

3 ¥ (6)
Fa

where Ga')(qz) is the strange quark axial vector form factor (see Eq. (10) below)
and g, = 1.262 [22] is the proton’s isovector axial vector forin facior ai zero
momentum transfer. Wriling (AP )5varsslA(p)) = fgn(p')‘yﬂ'yﬁlf(p), one has
in the quark model Q= Jdz(u? — 167), where u (€) are the npper (lower)
components of a quark in its lowest energy configuration [23, 24, 2], The quark
model also predicts that =t Pz - £€2). In the present calenlation, we

take the baryon octel to he SU(3) symmetric (e.g., m, = nia}, so that the quark



wavefluictions are the same for the nucleon and A2 |n this case, one has fU =
{95 This relation holds in both the relativistic quark model and the simplest
non-relativistic quark model in which one simply drops the lower component
contributions to the quark model integrals. We will inake the further assumption
that pseudoscalar meson loops generate the dominant renormalization of the bare
axial couplings. ‘The A has no isovector axial vector matrix element, while loops
involving KL inteninediaie siates are suppressed in the SU(3) limit as noted
earlier. Under this assumptlion, then, only the =N loop renormalizes the bare
coupling, so that g, = ¢%{1 + AL(A)], where AT(A) gives the contribution from
the 7N loop with the bare conpling Lo the intermediate nucleon scaled out. [n this
case, the ratio 5, is cssentially independent of the actual numerical predictions
for f9 and % in a given quark model; only the spin-flavor factor § which relates
the two enlers.

For the scalar density, we require point couplings to both the intermediate
baryon awd meson. We write (hese couplings as {B(p')|dq| B(p)) = LU (p)
and (AP WyqlA{(p}) = 1., where U and Af denote Lhe meson and baryon,
resprectively Our choiers for £ and 7, carry the most hadron model-dependence
ol all our inpat couplings. To reduce the impact of this model-dependence on our
resiitt, we again compute loop contributions to a ratio, namely,

(Niss|N)
(Nliu + dd + 55|N)

R, (7)

I

In the language of Itef. [2], one has R, = y/(2+y). Our aim in the presenl work
18 to compute 1, in a manner as free as possible from {he assumptions made
in extracling this quantity from standard $-termn analyses. We therefore use the
quatk model to compute /4 and v,, rather than obtaining these parameters from a
chiral SU(3) fit to hadron inass splittings. We explore this alternative procedure,
along with the effecls of SU(J)-breaking in the baryon octel, elsewhere [21].

In the limit of good SU(3) symmetry for the baryon octet, the bare 55 matrix

clement of the A is f9 = J @x(u? - £2). Using the wavelunction normalization

We investignte the vonseguences of SU(3)-breaking in the baryon octet in a forthcoining
pmblication [ 21)

condition f d?z(u? + &2y =1, logether with the quark model expression for g9,

leads to

=435 -1) . (8)

Neglecting loops, one has (Niu + dd + $s|N) = 3f2. We include loop contri-
Lutions to boili the numeraior and denominator of Eq. (7). Although the latter
turn out to be numerically unimportant, their inclusion guaranlees that 1, is
finite in the chiral limit.

Were the coutribution from Fig. la dominant, the toop estimate of £, would
be nearly independent of f2. The contribution from Fig. 1b, however, Lurns ont
to have comparable magnitude. Consequently, we are unable to minimize the
hadron model-dependence in our estimate of R, Lo the same extent as with s
and the vector current form factors. To arrive at a value for f2, we consider three
alternatives: (A) Compute f2 using the MI'T bag model value for ¢% and use a
cut-ofll A ~ Agony in the meson-baryon form factor. This scenario sullers from
Lthe conceptual ambiguity that the Bonn value for Lthe cut-ofl mass in F(k?) allows
for virtual mesons of wavelength smaller than the bag radius. (B) Compute I
as in (A) and take the cut-off A ~ 1/ Ryag. This approach follows in the spirit of
so-called “chiral quark models”, such as that used in the calculation of Ref. {17],
which assume the virtual pseudoscalar mesons are Goldstone bosons that live
only outside the bag and couple directly to the quarks at the bag surface. While
conceptually more satisfying than (A), this choice leads (o a forin factor F(k?)
inconsistent with 35’ scatlering data. (C) First, determine g5 assuming pion-
loop dominance in the isovector axial form factor, ie., g, = ¢'[1 + A%(A)).
Second, use this value of g9 to determine f3 via Eq. (8). Surprisingly, Lhis
procedure yields a value for 9% very close to the MIT bag model value 'l"or A~
Aponn rather than A ~ I/RbBg as one might natvely expect.

Siuce all three of these scenarios are consistent, with the bag estimate for
g% (and renoralization constant, Z as discussed below) we follow the “in-

proved bag” procedure of Ref. [24] to obtain 7,,. ‘The lalter gives 7, =

9



(M) |qql A (p)) =
e = Ry 2235 GeV™! one has Yo = Yk %= 0.4 GeV. This procedure involves

L4/1t, where R is Ihe bag radius for meson A Using

a certain degree of theoratical uncertamnty. The estimate for 7, {7+) is obtained
by expanding the bag energy (o leading non-trivial order in m, and m, {m,
and m“ ), and we have at present no estimate of the corrections induced by
hlgher-ordcr terms in these masses.

Using the ahove couplings, we compute the kaon loop contributions to the
strange quark scalar density as well as vector and axial vector form factors. The

lalter are defined as

(N OINE) =0 [Figy + 22,004 0(r) )
(N W OIN ) = 0 () [Gav + Go 2 |ty (10)

where J, is either ihe EM or strange quark vector current and J,5 is the strange
axial vector current. The induced psendoscalar form factor, (5, does not enter
semi-leptonic neutral current scallering processes al an observable level, so we
do not discuss it here. In the case of the EM current, pion loop contributions
to the neutron form factors arise from the same set of diagrams as contribuie to
the strange vector currenl matrix elements but with the replacements K — x—,
A—n and gynp — \/ig,NN. For the proton, one has a 7° in Fig. 1a and a =t
in Figs. 1b-d. We quote results for both Dirac and Pauli form factors as well as
for the Sachs electric and magnetic form factors {26), defined as Ge=F-1F

~ |41, We

define the magnetic moment as ¢ = €71(0) and dimensionless mean square Sachs

and G\, = Fy + Fy, respectively, where r = —g?/4m?, and ¢% =

and Dirac charge radii (EM or strange) as

dG (1)

dr
dF\(r)
dr

pnm‘hs _

(11)
(12)

=0

dirac _

=0
The dimensionless radii are related to the dimensionful mean square radii by

<12 >ochs= 6 dG g fdg? = —(3/2m%)psachs 4ng similarly for the corresponding

10

Dirac quantilies. From these definitions, one has phr = ks . To sel the
scales, we note that the Sachs EM charge radius of the neutron is P e
corresponding to an < r2 >4.cn, of about -0.13 fm?. Iis Dirac EM charge radius,
on the other hand, is nearly zero. We nolte also Lhat it is Lthe Sachs, rather Lthan
the Dirac, mean square radius which characterizes the spatial distribution of Lhe
corresponding charge inside the nucleon, since it is the combination Fy — r/%

which arises naturally in a non-relativisitc expansion of ithe time component of

Eq. (9).

S

3. Results and discussion

Our results are shown in Fig. 2, where we plot the different strange matrix
elements as a function of the form facior cut-off, A, Although we quote resnlis
in Table | corresponding to the Bonn fit values for A, we show the A-dependence
away from Apg,, to indicate the sensitivity to the cut-ofl. In vach rase, we Pl
Lwo sels of curves corresponding, respectively, Lo =, and i = g i order
to illustrate the dependence on meson mass a~ will as {0 show the pian loop
contributions to Lhe EM form factors. The dashed curves for the inean square
radius and magnetic moment give the values for A — oG, correspoiding to Lhe
point hadron calculation of Rel. [20]. We reiterate thai the zeroes arising at
A = m are an unphysical artifact of our choice of nucleon-meson form factor, and
one should not draw conclusions from the curves in the vicinity of Lhese points.

In order to interpret our results, it is useful to refer to the analylic expressions
for the loops in various limits. The full analylic expressions will appear in a

forthcoming publication [2]] In the case of Lhe vector current l'orln l'acl,ors the

1]
>
By
i
’]
J
2

the result that

i in b d oin
Fiple®) = F™(m?;9%) = FRO™(A% %) + (A? — 1m?)-S W!“{,’,‘ (A% 0)(13)

where F(':;)i"‘(mz;qg) is the point hadron result of Ref. |20] for loops willi meson

of mass m. It is straightforward to show that the A-dependent terms in Eq. (13)



vanish in the A — oo limit, thereby reproducing the point hadron result. For
finite cut-off, the first few terms in a sinall-m? expansion of the radii and magnetic

momenl are given by

I 2 ?
pﬂachﬂz_._(%r_) (3_5m2)ln%+... (14)
; a2l 1 m? 1
— X — (Y — K75t ...
(15) [2 At om)lnm?v+ ]
. i 2
pd:rnc _3(41) (3- 8”12)|ll"‘—+ (15)
1¢yg
_._5(4—) (3 - 8’ )ln——+

2
=(IYymn s (Y e B
‘”_(fhr) me In A2+ (41r) [ 24 Inm§'+ ] y  (16)

where T = m/my. ‘Inking 1 = m, and § = V29, un gives Lhe neutron EM
charge radii and magnetic moment, while selting m = my and g = gu,x gives
the strangeness radius and magnetic moment. ‘Che expressions to the right of the
arrows give the liest few Lerms in a small-tm? expansion in Lhe A — oo limit. The
cancellation in this limit of the logarithmic dependence on A arises [rom terms
-} in Eqgs. {14-16).

In the case of the axial form factor, we assume the pseudoscalar meson loops

not shown explicitly {+ -

to give Lhe dominant correction to the bare isovector axial matrix element of the
nucleon. This assumplion may be more justifiable than in the case of the vec-
tor currenl form factors, since the lighteslt pseudovector isovector and isoscalar
mesons which can couple to the nucleon are the 01(1266')‘. and f;(1285), respec-
tively. In this case one has ¢5™* ~ ¢3[1L + &%) and 5, = $A%/[1 + A”] where
the § is just the spin-llavor factor relating f? and ¢%. The loop contributions are

given by the A}, where

AR = i('hr) [.} (mﬁlj)-k —(2m? -x )InA +- ] (17)

—-ai(ﬁy—)!’—-hl/\ +

4

1+-m +] (18)
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where § = guan OF gunn 88 appiopriale, and where A = A/, The upper
(lower) sign corresponds to thie kaon (pion) loop. The opposite sign arises from the
fact thal AT, receives contributions from Lwo loops, corresponding Lo a neutral and
charged pion, respectively. The isovector axial veclor coupling to Lthe interinediale

nucleon in these loops (n and p) have opposite signs, while the a%-loop carries

o oy P

TP PUOSON R ) Mot aoond o
LYYU UUT VW LIIGC LS Dlllll SuTulviliic

For the scalar densily, we obtain R, = AX/[3fs + AF + Al], where the loop

Falooe AT A o wined ans
1 wi€ sy iy W OVCIWwCA.

conlributions are conlained in

. 2

Ag = (%‘h‘) [st,“(mx.A)+"?KF,°(IIIK,A)] (19)
. q 2 a _

Al = ( :;K) [3st, (g, A} + 27,\.1":’(1!15 ,A)] \ (20)

and A, where the expression for the latter is the same as that for A¥ but
with the replacements 3, — 4x, My — My, and goax — V3¢zrnn, and where
Fe.x = Yr,c/My. The functions F2 and F?, which represent the contributions
from loops 1a (baryon insertion) and b (meson inserlion), respectively, are given

by

=2 2

—2
A — 1}
F:(nl. A) - 2(?%‘;-) + —"l Ill ‘%‘ + - (21)

- 1
—*I|1A2—2+ —'rﬁzlun_lz-}----

-2

Ami_m?—R )I m?
n—x

=7 3

A —m? A

-—»l+-;—(l——?ﬁ2)|ni'ﬁ2+---

Fi(m, A)_l—i( 4 (22)

The expressions in Eqs. (14-22) and curves in Fig. 2 lend thenselves to
a number of observations. Considering first the vector and axial veclor form
factors, we nole that the mean-square radii display significant SU(3)-breaking.
The loop contribulions to the radii contain an 1.IL. divergence associaled with
the meson mass which manifests itseil as a leading chiral logarithm in Egs. (14-

15). The eilect is especially pronounced for p™ wlere, for A > 1 GeV, the

13



resills Tor an = i, are ronghly an order of magnitude larger than the resulis
for 2 =, (up to overall sign). In contrast, the scale of SU(3)-breaking is less
than a factor of three for the magnetic momnent and axial form factor over the
same cut-ofl range. The chiral logarithms which enter the latier quantities are
suppressed hy at least one power of m?, thereby rendering these quantities I.R.
finite amd reducing the impact of SU(3)-breaking associated with the meson mass.
Consequently, in a world where nucleon strange-quark form factors arose entirely
from psendoscalar meson loops, one wonld see a much larger strangeness radius
{commensurate with the neutron EM charge radius) were the kaon as light as the
pion than one would see in the actual world. The scales of the strange magneltic
moment and axial form factor, on the other hand, would not be appreciably
different with a significantly lighter kaon.

From a numerical standpoint, the aforementioned qualitative features have
some interesting implications for present and proposed experiments. Taking the
meson-nucleon form factor cut-off in the range determined from fits to B8’ scat-
tering, 1.2 < Apgnn < 1.4 GeV, we find jt, has roughly the same scale as Lhe
nucleon’s isoscalar EM magnetic moment, pu'=° = $(s4p + 410) The loop contribu-
tion is comparable in magniticle and has the same sign as p Jle [14] and Skyrme
[15] predictions. While the extent to which the loop and pole contributions are
independent and ought to be added is open to debate, the scale of these two
contributions, as well as the Skyrme eslimate, point to a magnilude for y, that
ought to be ohservable in the SAMPLE experiment [6] and the G° experiment
[8]. Similarly, the loop and Skyrme estimates for 1, agree in sign and rough or-
der of magnitude, the latier heing about half the value extracted from ke vp/bp
cross sections {3). Under the identification of the strange-quark contribution ta
the proton's spin As with GE{’)(O), one finds a similar experimental value for 1,
from the EMC data [1].

In contrast, predietions for I.he'sl.rangenesa radius differ significantly between
the models. In the case of the Sachs radius, the signs of the loop and pole predic-

tions differ. The sign of loo redictions corresponds to one’s naive expeclation
g p

14

that the kaon, baving negative steanpeness, oy~ Frther drvan the « i of thaee
I — A systemn due to ils lighter mass. Henee, one wonld expect a positive valye
for p5 (recall that PR and < 2 >0 have opposite signs). "The magnitude
of the loop prediction for poache o ronghly 1/4 1o 1/3 that of the pole and Skyrine
models and agreés in sign with the latter. In the case of the Dirac radius, the loop
contribution is an order of magnitude smaller than either of the other estimates.
From the standpoint of Mmeasurement, we note that a low-}q?|, forward-angle
measurement of the elagtic ep PV asymmetry, Ay n(€p), is sensilive to the combi-
nation piachs + #p 4t [28]. The asymmetry for scaltering from a (J*, I} = (0F,0)
nucleus such as *ile, on the other hand, is sensitive primarily to the Sachs radius
[28). ‘Thus, were the kaon cloud to be the dominant contributor to the nucleon’s
vector current strangeness matrix elements, one would not be able to observe
them with the forward-angle A a(8p) measnrements of Refs, {7.8], whereas on
potentially could do so with the A a{*1e) measurements of Refs. [7.9 Were the
pole or Skyrme models reliable predictors of (Nsy,s|N}, on the otles Fand . 1he
strangeness radii (Dirac and/or Sachs) would contribnte at an observahle level Lo
both types of PV asymmetry. As we ithustrate clawhers [21], the scale of the pole
prediction is rather sensitive (o one’s assumptions aboul the asymptotic behavior
of the vector current form factors; depending on one's choice of condilions, the
pole contribution could be significantly smaller in magnitude than prediction of
Ref. [14]. Given these results, including the difference in sign belween the pole
and both the loop and Skyrme estimates, a combination of PV asymmetry mea-
surements on different targets conld prove useful in delermining which picture
gives the best description of nucleon’s vector current strangeness condent.

From Fqs.{19-22), one has thai ihe loop contributions to the scalar density
contain both U.V, and chiral singularities. The U.V. divergence arises from the
§q insertion in the intermediate baryon line, while the chiral singularity appears
in the loop containing the scalar density matrix element of the intermexiale
meson. Despiie the chiral singularity, loop contributions to the malrix elements

my(NGqIN) are finite in the chiral lmit due to the pre-multiplying factor of
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mg. The ratio R, is also well-behaved in this limit as well as in the limit of
large A. For m, — 0 and i, — @ simultaneously, one has &, ~ 1/8, while for
A — oo, the ralic approaches 1/12. These limiting values are independent of the
couplings fe and 7,5 and are deterinined essentially by counting the number of
logarithimic singularities (U.V. or chiral} entering the numerator and denominator

of R, (note Lhal we have not included n loops in this analysis). Conseauently

F* r

the vaiues for I, in the chiral and infinite cut-off limits do not suffer from the
theoretical ambiguities encountered in the physical regime discussed in Section
2. 1t is also inleresling Lo observe that the liniting resulta have the same sign
and magunitude as the value of R, extracted fromn the E-term.

For A € Apgun and lor m, and my having their physical values, the prediction
for R, is smaller than in cither of the alorementioned limits and rather dependent
on the choice of f2 and v,,. The scusilivily to the precise numerical values taken
by these couplings is magnilied by a phase dilference between F@ and F}. The
range of resnlls assaciated with scenarios (A)-(C) is indicated in Table I, with the
largest vaines ansing frow choices (A) and (C). ‘Fhe change in overall sign arises
(rom the sign dilerence between loops 1a and 1b and the increasing magnilude
of I} retative to I as A becotnes small. These results are suggestive that loops
may give an imporlani contribution to the nucleon’s strange-quark scalar density,
though the predictive power of the present estimale is limited by the sensitivity
to the inpul couplings. We emphasize, however, thal our eslimates of the vector
and axial vector fortn factors do not manifest this degree of sensitivity.

We nole in passing that scenario {C) gives a value fory% = g [14 A%(A)] 7! &
g%(bag) for A ~ Apgnn. The value obtained for gY in this case depends only on
the assumption that pseudoscalar meson loops give the dominant correction to
g% and involves no statements about the details of quark model wavelunctions.
In contrast, for A ~ 1/ Ry,ag we find g% 2 g,. We also note that scenarios (A)
and (C) are consistent with the bag value lor the scalar densily renormalization
factor, 2 "Fhe Jatter is defined as 2 = (H|qqil1)/Ng, where Ny is the aumber

ol vadener quarks i haddvon HO[21.250 A test of consistency, then, is the extent
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to which the equality f2 = Z is satisfied. When f? is computed using Eq. (8),
we find f2 = 0.5 in scenarios (A) and (C), while one Lias Zpag = 0.5 [24]. These
slalements would seem to support the larger values for /i, in Table 1.

As for the A-dependence of the form lactors, we find that the radii do not

change significantly in magnitude over the range Aponn < A < 00, owing in

. The variation in the magnelic

hiral lo

[=]
-
-
ful

part to the importance of the
moment, whose chiral logarithm is suppressed by a factor of m?, is somewhal
greater (about a factor of four for m = m,). The ratio 7, is finite as A — oo,
with a value of = —3/5 in this limit. This limit is approached only for A >> the
range of values shown in Fig. 2d, so we do not indicate it on the graph. The 1.R.
divergence (A << 1 ') in the vector current quantities is understandable from
Eq. (13), which has the structure of a generalized Pauli-Villars regulator. The
impact of the mononole meson-nucleon form factor is similar Lo that of including
additional loops for a meson of mass A. From the LR. singularity in the radii
associated with the physical meson, one would expect a similar divergence in A,
butl with opposite sign. The appearance ol a singularity having the same sign
as the chiral singularity, as well as the appearance of an [.R. divergence in the
A-dependence of magnetic moment which displays no chiral singularity, is due
to the derivative term in Eq. (13). In light of this strong A-dependence at very
small values, as well as our philosophy of taking as much input from independent
sources (viz, BB’ scaltering) we quole in Table 1 results for our loop estimates
using A ~ Apopn-

It is amusing, nonetheless, to compare our results for m = my and A ~ 1 fin™!
with those of the calculation of Ref. [17], which effectively excludes contributions
from virtual kaons having wavelength smaller than the nucleon size. Assumning
this regune in the cut-ofl is sufliciently far from the arlificial zero aL A &= my Lo
be physically meaningful, our result for 1, agrees in magnitude and sign with that
of Rel. [17}. In contrast, our estimales are about a lactor of three {arger for the
strangeness radii and a factor of seven larger for the strange magnelic imoment.

We suspect thal Lhis disagreement is due, in parl, to the different treatiment of
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gange mvariance in the two calenlations. In the case of the axial vector forim
factor, which receives no seaghll contribuiion, the two calenlations agree. Had
we omitled the seagull contributions, our results for the Sachs radius would also
have agreed. For the Dirac radius our estimate wounld have been three times
smaller‘antl for the magnetic moment three times larger than the corresponding

estitnates of Nef. 7). AL A ~ Agonn, the relative importance of the seagull for

sachs

Py
of the seagull contribution to "2 would have reduced its value by more than

and i, is much smaller (~ 30% effect) than at small A, whereas omission

an order of magnitude. We conclude that the extent to which one tespects the
requirements of gauge invariance at the level of the WT ldentity can significantly
aflect the results for loops employing meson-nucleon form factors. We would
argue that a calcnlation which satsifies the WT ldentity is likely to be more
realistic than one which doesn’t and speculate, therefore, that the eslimate of
Refl. {17] represents an underestimate of the loop contributions Lo Ps and u,. An
allempt to perform a chiral-quark model caleulation satislying the WT [dentity
in order 1o test this speculation seems warranted.

Finally, we make two caveals as to the limit of our calculation’s predictive
power. First, we observe that for A ~ ABonn, the pion-loop gives a value for
fin very close to the physical value, but significantly over-estimates (e neutron’s
EM charge radii, especially pUIFAC (see Fig. 2b). One would conclude, then,
that certainly in the case of mean-square radii, loops involving only the lightest
pseudoscalar mesons do not give a complete account of low-energy nucleon form
[actor physics. Some combination of additional loops involving heavier mesons
and vector meson pole contributions js likely to give a more realistic description
of Lhe strangeness veclor current matrix elements. In this respect, the work of
Rell {25] is suggesiive.

Second, had we adopted the heavy-baryon chiral perturbation framework of
Ref. [30], we would have kept only the leading non-analylic terms in m, since in
the heavy baryon expansion contributions of order m?, p=12,. are ambigu-

ons. Removal of this ambiguity would require computing order m? contributions
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to a variely of processes in order to tie down the coetlicivms of Bigher-dimensios
operators in a chiral lagrangian. T'he present caleulation, however, was not car-
ried out within this framework and gives, in effect, a model for the contributions
analyticin m, For m = My, these terms contribuie non-negligibly to our results.
We reiterate that our aim is not so much to make reliable numerical predictions
as to provide insighl into orders of magnitude, signs, and qualitative features
of nucleon strangeness. Were one interested in arriving at more precise numeri-
cal slatemenls, even J.lle use of chiral perturbation Ltheory could bhe insufficient,
since it appears from our results that pole and heavier meson loops are likely Lo
give important contributions to the form factors. From this perspeclive, then, it
makes as much sense to include terms analyLic in m as to exclude them, especially
il we are Lo make contact with the previous calculations of Refs. [16, 17, and 20).

In shorl, we view the present calenlatjon as a baseline against which to com-
pare future, more extensive loop analyses. Based on a simple physical picture of a
kaon clond, it offers a way, albeil provisional, of understanding how strange quark
matrix elements of Lhe nucleon might exist with observable magiitude, in spite
of the success with which constituent quark models of the nucleon account for jis
other low-energy properties. At the samic timme, we have iHustrated some of the
qualitative features of loop contributions, such as the impact of SU(3}-breaking in
the pseudoscalar meson octet, the sensitivity to one’s form factor at the hadronic
vertex, and the importance of respecting gauge invariance al the level of the WT
Identity. Finally, when taken in tandem wilh the calculations of Refs, [14, 15],
our results strengthen the rationale for unde- taking the significant experimental

investment required to probe nucieon strangeness with semi-leplonic scattering.
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FIGURE CAPTIONS

1. Feynman diagrams for loop contributions to nucleon strange quark
matrix elements. Here, ® denotes insertion of the operator 5l's where
=1y, o Tu¥s- All Tour diagrams contribuie to veclor current matrix
elements. Only diagam 1a enters the axial vector matrix elemeni. Botl la

and b contribute to the scalar density.

- 2. Strange quark veclor and axial vector parameters as a function of

nucleon-meson form factor mass, A. llere, p, denoles the dimensionless
Sachs {2a) and Dirac (2b) strangeness radii. The strange magnelic mo-
ment is given in (2¢). The axial vector ratio n, is shown in (2d). Dashed
curves indicate values of these parameters or A — co. The ranges corre-
sponding to the Bonn values for A are indicated by the arrows. The strong
meson-nucleon coupling (9/17)% has been scaled out in (2a-c) and must

multiply the results in Fig. 2 to obtain the values in Tabie I,
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